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Summary In this study we investigated the tumorigenicity. growth pattern and spontaneous metastatic ability
of a series of nine human colorectal carcinoma cell lines after subcutaneous and intracaecal xenografting in
nude mice. CaCo2 cells were found to be poorly tumorigenic to non-tumorigenic in either site; the other cell
lines were tumorigenic in both sites. SWI116. SW480 and SW620 did not show local invasive growth.
NCI-H716 and LS174T cells were both invasive in the caecum, but only NCI-H716 was invasive in the
subcutis. HT29 and 5583 (S and E) cells were invasive in the caecum and from that site metastatic to the lungs
and,or the liver. HT29 and 5583S cells were both invasive in the subcutis. but 5583E cells were not. Of each
category of in vivo behaviour in the caecum. one cell line was further investigated with regard to invasion in
vitro (into embryonic chick heart fragments), E-cadherin expression in vivo and in vitro and in vitro production
of u-PA and t-PA. These parameters were chosen in view of their purported role in extracellular matrix
degradation and intercellular adhesion, which are all involved in the invasive and metastatic cascade. Invasion
in vitro was not predictive for invasion or metastasis in vivo. In the cell line which showed invasion in
embryonic chick heart tissue, heterogeneous E-cadherin expression was observed in vitro together with a
relatively high production of u-PA. The non-invasive cell lines showed in vitro homogeneous expression of
E-cadherin with a relatively low production of u-PA. In vivo expression of E-cadherin was either absent or
heterogeneous. We conclude that: (1) colorectal carcinoma xenografts show site-specific modification of in vivo
invasive and metastatic behaviour; (2) invasion in vitro does not correlate with invasion and metastasis in vivo;
(3) in vitro non-invasion might be associated with homogeneous E-cadherin expression and low production of
u-PA; (4) E-cadherin expression in vitro differs from E-cadherin expression in vivo. The results support the
notion that the microenvironment in which cancer cells grow is one of the factors involved in the regulation of
invasive and metastatic behaviour.
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The mechanisms underlying tumour metastasis formation
have been intensively studied in the past decade (Poste and
Fidler, 1980; Liotta, 1984; Liotta et al., 1991; van Roy and
Mareel, 1992). Metastasis appears to be a multistep process,
but it is not yet clear which steps in the cascade of events
ultimately determine whether or not a metastasis will occur.
In any case, invasion, defined as the ability ofcarcinoma cells
to traverse the basement membrane (BM), detach from the
pnmary tumour and migrate into the extracellular matrix
(ECM), is an important step. Various in vitro models have
been developed to study invasion (Mareel et al., 1987), in-
cluding invasion of tumour cells into embryonic chick heart
fragments (Mareel et al., 1979).
In vivo models more closely resemble the human situation
than in vitro models and allow the study not only of
invasion, but also of the further steps involved in metastatis
formation. In general terms, two different approaches have
been used in in vivo studies. The most frequent one is intra-
vascular injection of cancer cells, which then lodge in and
potentially grow out into a capillary bed along the circula-
tion. In this approach only the final steps in metastasis
formation can be studied. The more tedious and time-con-
suming approach is the establishment of a primary xenograft,
from which spontaneous metastases might then develop. In
such a model, all steps of the metastatic cascade might be
studied.
For reasons of convenience, subcutaneous inoculation has
been most frequently used for xenografting. Subcutaneous
xenografts, however, rarely metastasise. Following the ideas
put forward by Fidler and Hart (Hart, 1982; Fidler, 1986;
Fidler et al., 1990) concerning the influence of the micro-
environment of a tumour xenograft on its tendency to metas-
tasise, orthotopic xenografting has been adopted. From
orthotopic sites spontaneous metastases more readily
develop. We and others have designed a model in which
human colon cancer cell lines are xenografted orthotopically
in the wall of the caecum of nude mice (Bresalier et al., 1987;
Sekikawa et al., 1988). In this model, the obtained primary
xenografts spontaneously give rise to lymph node, liver and
lung metastases. This observation suggests that local tissue
factors might play a role in the activation or inactivation of
genes, of which the products are necessary for the develop-
ment of metastases.
Of the proteins potentially involved in invasion and metas-
tasis, two categories have been extensively investigated. Pro-
teases, responsible for dissolution of the basement membrane
and the surrounding interstitial stroma, deserve to be men-
tioned. It has been shown that, depending on the experiment-
al conditions and on the cell type under investigation, the
expression of proteases such as urokinase plasminogen
activator (u-PA) and type IV collagenase is up-regulated in
invading and metastasising cells (Greig et al., 1985; Turpeen-
niemi-Hujanen et al., 1985; Cajot et al., 1986; Ura et al.,
1989; Quax et al., 1991). Also, cell adhesion molecules have
been studied, following the concept that, as long as tumour
cells remain integrated in a tissue structure, they will not
dislodge and therefore not invade surrounding tissue and
metastasise. Compelling experimental evidence in favour of
such a role for E-cadherin has been provided by Behrens et
al. (1989) and Vleminckx et al. (1991).
For the study of invasion and metastasis in colorectal
cancer, orthotopic xenograft models have been developed,
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but a limited number ofcell lines have been studied (Giavazzi
et al., 1986; Bresalier et al., 1987; Morikawa et al., 1988ab;
Sekilkawa et al., 1988). We xenografted a series of nine
colorectal carcinoma cell lines in the subcutis and in the
caecum of nude mice in order to establish which of these cell
lines would show tumorigenicity, local invasion and metas-
tasis formation from either site. In a selected subset of cell
lines we furthermore studied invasion in vitro (mto chick
heart embryonic heart fragments), in vitro production of the
proteases u-PA and t-PA and E-cadherin expression in vitro
and n vivo. Our results fit the hypothesis that the capacity of
neoplastic cells to invade and metastasise is not only deter-
mined by the inherent characteristics ofthe cancer cells but is
also modulated by the local microenvironment.
Materiak and
Cell culture
The following human colorectal cancer cell ines were used:
CaCo2 (Fogh et al., 19T7), SW 1116, SW480, SW620 (Leibo-
vitz et al., 1976), NCI-H716 (Park et al., 1987), LS174T
(Tom et al., 1976), 5583E, 5583S (Verstijnen et al., 1987) and
HT29 (Fogh and Trempe, 1975). The cells were maintained
in Dulbecco's modified Eagle medium supplemented with
10% fetal calf serum.
Xenografting
Athymic CD-1 male nude mice, 3-4 weeks old, were
obtained from Charles River Wiga (Freiburg, Germany) and
maintained in a laminar air flow cabinet under specific
pathogen-free conditions.
Tumour cells were harvested with 0.1 g of trypsin and
0.02g of EDTA per 100ml of phosphate-buffered saline
(PBS), washed and diluted in sterile PBS to a density of
I x 107ml-'. Nude mice under ether anaesthesia were
injected with 1 x 106 tumour cells in the subcutis, the spleen
or the caecal wall, which was approached through a small
median abdominal incision. The tumour cells were then
injected along the mesocolon using a 30 G needle. The
abdomen was subsequently closed in two layers (Sekikawa et
al., 1988). Liver colonising ability was determined by inocula-
tion of tumour cells into the spleen (Giavam et al., 1986).
The spleen was exposed through a small incision in the skin
and peritoneum, and tumour cells were injected subcap-
sularly. The spleen was repositioned and the incision was
sutured. The mice were sacrificed after 7 weeks. Of all mice,
at autopsy the tumour at the site of injection as well as the
liver, lungs and lymph nodes were colleted, in order to
detect the presnce of metastases macroscopially as well as
microscopically. Tissues were fixed in 4% formalin and
embedded in Paraplast for histology and for inmunohisto-
chemical staining. At least three non-consecutive sections
were examined when there was no macroscopic evidence of
metastasis.
Invasion into embryonic chick heartfragments
Briefly, cells growing in suspension were harvested by cen-
trifugation and cells growing in a monolayer by scraping
with a rubber policeman. The cells were brought into contact
with precultured 9-day-old embryonic chick heart fragments
on top of a semisolid agar medium. After incubation over-
night (3rC), individual confronting pairs were put into 5 ml
Erlenmeyer flasks with 1.5 ml of liquid culture medium on a
gyrotory shaker and further incubated (120 r.p.m., 37C).
The confronting pairs were fixed, embedded in paraffin and
sectioned for microscopy after 4 and 7 days. Invasiveness was
determined and scored as described previously (Mareel et al.,
1987).
Quantitation ofu-PA and t-PA
When the cells in stock culture had almost reached
confluency, the medium was changed and after 24 h the
supernatant harvested, centrifuged and directly stored at
-70-C until further analysis.
Cells growing in suspension were harvested by centrifuga-
tion and washed twice. Cells growing in a monolayer were
rinsed twice with PBS and harvested by scraping with a
rubber policeman. Cell pellets were lysed in 1 ml of PBS/
0.5% Triton X-100 and stored at -70'C until further
analysis. u-PA and t-PA were measured by sandwich enzyme-
linked immunosorbentassay (ELISA) as described previously
(Rijken et al., 1984; Binnema et al., 1986). The protein
content of the cell extracts was determied according to
Lowry et al. (1951). The intra- and inter-sample variation did
not exceed 3% and 10% respectively.
E-cadherin imnunohistochemistry
In vitro After trypsinisation of a monolayer culture, the
solitary cells were seeded on glass coverslips in a 24-well
plate. Two to three days after incubation the coverslips con-
taining the cells were washed briefly in PBS containing Ca2"
and Mg2" and fixed in methanol at -25-C for 15mi, air
dried and stored at -25-C until use. Fixed cell cultures were
taken from frozen stock and brought to room temperature.
They were rehydrated in Tris-buffered saline pH 7.6 (TBS)
and incubated in 5% bovine serum albumin (BSA) in TBS
for 30 min. Then a mixture of primary antibodies composed
of a monoclonal mouse antibody against human E-cadherin
(HECD-1; Bntish Biotechnology Products, Abingdon, UK)
(diluted 1:100 in TBS) and a polyclonal rabbit antibody
aainst keratin (PKE; Euro-Diagnostica, Apeldoorm, The
Netherlands) (diluted 1:50) was added for 1 h. After three
subsequent washings, a mixture ofsecondary antibodies com-
posed of ShAM conjugated with biotin (Amersham, UK),
diluted 1:50 in TBS, and GAR conjugated to FITC (Nordic,
Tilburg, The Netherlands), diluted 1:20, was added for 1 h.
A final incubation was done in streptavidin linked to Texas
red (Amersham, UK), diluted 1:50 in TBS, and DAPI (4',6'-
diamidino-2-phenyl-indole (Sigma, St Louis, MO, USA),
0.4jg ml-' in TBS, for 15 min. After thorough rinsing the
coverslips were mounted in Glycergel (Dako, Glostrup, Den-
mark). Photographs were taken with a Leitz-Dialux 20
photomicroscope equipped for epifluorescence.
In vivo Xenografted tumour tissue specimens were formahn
fixed (3 h, room temperature) and paraffin embedded. Sec-
tions were mounted on glass slides and dehydrated. Endo-
genous peroxidase was blocked by incubation in PBS/0.3%
with hydrogen peroxide (20 min, room temperature). The
slides were incubated with the primary antibody and, after
washing with PBS, incubated with rabbit anti-mouse horse-
radish peroxidase conjugate (Dako, P260, Glostrup,
Denmark). Peroxidase activity was visualised with diamino-
benzidine and the slides were counterstained with haematoxy-
lin.
Resvts
In vivo behaviour ofhunan colorectal carcinoma cell lines
The take rate of human colorectal carcinoma cell lines xeno-
grafted in the subcutis of nude mice was 100%, except for
CaCo2 cells, which under standard xenografting conditions
did not produce tumours (Table I). All cell lines grew expan-
sively in the subcutis, with a rim of fibrous tissue surround-
ing the tumour in SW1116, SW480, SW620, LS174T and
5583E xenografts. Invasion into surrounding tissue was
observed for NCI-H716, 5583S and HT29. After grafting in
the subcutis, none of the tumour cell lines gave rise to
metastatic lesions.
Orthotopic xenogafting of the colorectal carcinoma cell
lnes in the wall of the caecum yiekled in general lower take
rates varying between 25% (NCI-H716 and SW1116) and
100% (L5174T and 5583E) with the exception of CaCo2
cells, which did not produce tumours. SWI116, SW480 andIn Wm and in ufh ohasinn d huann cals
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Fgu 1 Growth behaviour of colorectal cancer cell lines in vivo. a, Behaviour of SW620 cells in the caecum; the muscularis
mucosa is not invaded by tumor cells. b, Behaviour of HT29 cells in the caecum; tumour cells have migrated through the
muscularis mucosa, adjacent to crypt cells of the colon. c, Metastatic lesion of 5583S in the liver. d, Metastatic lesion of HT29 in
the lung. Bar = 201m (a and b) and 10pm (c and d). T, tumour cells; M, muscularis mucosa; C, crypt cells of the colon; L, liver
(c) or lung (d).
Table I In vivo behaviour of human colorectal cancer cell lines
Caecuma Meta- Spleen (liver
Cell line Subcutis Prinary Invasiveb stasis colonisation)
CaCo2 0 5 0/5 00 0/0 NT
SW1116 5 5 14 0,1 0/0 1/4
SW480 10 11 3/5 0/3 0/0 314
SW620 7 8 8/9 0/8 0/0 NT
NCI-H716 24'26 1 '4 1 1 01 NT
LS174T 44 77 7/7 0/7 3/3
5583E 5'5 5/5 1,/5 lI (ung) 2/3
5583S 5 5 6/10 3/6 1/3 (liver) 3/8
HT29 5 5 415 4/4 3/4(lung) NT
'Number of primary tumours per number of inoculations of tumour
cells into thewall ofthe caecum. bInvasive iftumourcells wereobserved
inthemuscularismucosa oradjacent tocoloncryptcells. NT, nottested.
Table I Parameters of human colorectal cancer cell lines
u-PA t-PA E-cadherin
Cell line ECHP Medium Cell cell In vitro In vivo
CaCo2 -' 1332b 37c 579c Hmg NT
SW620 + 22850 161 498 Htr
LS174T - 540 17 388 Hmg
HT29 1308 240 269 Hmg Htr
aInvasion into embryonic chick heart fragments: -, non-invasive, +,
invasive. bMean values obtained in two independent experiments
expressed in pgml1-' medium. cMean values obtained in two indepen-
dent expenments expressed in pgmg' protein in cell extracts. Hmg,
homogenous expression; Htr, heterogeneous expression; -, absence of
expression; NT, not tested for lack of tissue.
SW620 showed tumour growth in solid nodules in the sub-
serosa without invasion of the bowel wall (Figure 1) or the
development of metastases. NCI-H716 and LS174T cells
developed primary tumours with irregular nests and strands
ofcells, invading the muscularis propria and mucosa. Metas-
tases, however, were not observed (Table I). HT29, 5583E
and 5583S xenografts showed an invasive growth pattern but
also gave rise to lymph node metastases and microscopic
metastases in the lungs and in the liver. The metastases
extended from small arteries in the lungs or venules in the
portal triads in the liver (Figure 1).
Figure 2 In vitro invasion. The colorectal cell line CaCo2 does
not invade embryonic chick heart fragments after 7 days of
co-culture. Bar = 40 m. T. tumour cells; H. heart tissue.
Intrasplenic injection of colorectal carcinoma cell lines,
either non-metastatic or metastatic after grafting in the
caecum, demonstrated that both categories of tumour cells
were able to colonise the liver (Table I). The take rate varied,
being 25% for SWI116 and 100% for LS174T, and ranged
between these values in SW480 and 5583 (E and S).
For further characterisation we selected those cell lines
most representative of either tumorigenic, invasive or metas-
tatic behaviour in the caecum. These cell lines comprised
CaCo2 (poorly tumorigenic), SW620 (tumongenic, non-inva-
sive), LS174T (tumorigenic, invasive, non-metastatic) and
HT29 (tumonrgenic, invasive and metastatic).
Invasion ofembr)yonic chick heartfragments
CaCo2 and LS174T cells did not demonstrate invasive
behaviour in this assay, whereas SW620 cells invaded the
myocardial tissue (Figure 2, Table II). HT29 cells could only
be successfully confronted with embryonic chick heart frag-
ments on top of a semisolid agar medium containing
DMEM. In this approach HT29 cells did not invade the
myocardial tissue.
I
I
i
I
4
o
i.
i
ilaw WM NW invas-on oi hu Can ori C Cinona cdk
J de Vnes et at
274
f qW
..l
-a- F
Fge 3 E-cadherin expression in vitro. Immunofluorescence staining of E-cadherin (a, c, e and g) and keratin (b, & f and b) of
LS174T (a and b), SW620 (c and d), HT29 (e and f) and CaCo2 cells (g and b). Scale bar=50jum.
Production ofu-PA and t-PA in vitro
The results of the u-PA and t-PA assays are listed in Table
II. By far the highest amount of u-PA in the culture medium
was found in SW620 cells. This was also the only cell line
invasive in the embryonic chick heart assay. CaCo2 and
HT29 cells produced roughly equal amounts of u-PA, while
the lowest amount was secreted by LS174T cells. The release
of u-PA into the medium did not correlate with any of the
features of in vivo growth. The amount of u-PA recovered
from cell extracts was considerably lower than the amount of
u-PA recovered from the medium. Hardly any t-PA was
found in the culture medium (data not shown). In cell ex-
tracts, all cell lines showed roughly equal amounts of t-PA
(Table II).
Expression ofE-cadherin
The presence of cytokeratin filaments in all cell lines
confirmed the epithelial origin of these cell lines, with the
most highly structured filamentous pattern observed in
CaCo2 cells. The cell lines CaCo2, LS174T and HT29 dem-
onstrated in vitro homogeneous staining for E-cadhenrn,
which was membrane associated. In contrast, SW620 cells
showed heterogeneous staining: membrane-associated
immunoreactivity was observed only in multilayered cell
clusters, whereas cells in a monolayer were negative (Figure
3, Table II).
In vivo, E-cadherin expression could not be studied on
CaCo2 cells. In caecal grafts of SW620 and LS174T cells
E-cadherin expression was not detected (Figure 4, Table II).
Heterogeneous expression was observed in caecal grafts of
the HT29 cell line. Membranous E-cadherin immunoreactivi-
ty was detected only focally in clusters of HT29 tumour cells
with a more highly differentiated growth pattern (Figure 4,
Table II).
Discussion
In order to study the mechanisms involved in the develop-
ment of metastases. orthotopic nude mouse xenograft models
have evolved in which the primary graft will spontaneously
give rise to metastases. Earlier models. such as injection of
tumour cells in the subcutis or intravenous injection of
tumour cells, either do not give rise to metastases or only
allow evaluation of late steps in the metastatic cascade. Fol-
lowing earlier reports (Bresalier et al., 1987; Sekikawa et al.,
1988; Fidler et al.. 1990) we have employed an in vivo model
in which human colorectal carcinoma cells are xenografted
orthotopically into the wall of the caecum of nu/nu mice.
The major advantage of this model is that the entire metas-
tatic cascade can be studied.
We initially studied the behaviour of the cancer cells after
subcutaneous inoculation in comparison with injection in the
wall of the caecum. All cell lines, with the exception of
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Figwe 4 E-cadherin expression in vivo. a, Caccal xenograft of
SW620 cells. Note the lack of E-cadberin expression. b, Caecal
xenograft of HT29 cells. Note E-cadherin staining at the mem-
brane of tumour cells, indicated by arrows. Magnification 200 x.
T, tumour cells; M, muscularis mucosa; C, crypt cells of the
colon.
CaCo2 cells which were non-tumorigenic, showed in the
subcutis either non-invasive encapsulated growth or invasion
into surrounding tissue, but metastases did not occur. In the
caecum, the cell lines were either non-tumongenic, tumori-
genic but non-invasive, tumorigenic and invasive but non-
metastatic, or tumorigenic, invasive and metastatic. The find-
ing that metastatic behaviour is observed in the caecum but
not in the subcutis confirms and further expands previous
studies regarding the behaviour of human colorectal carcin-
oma cells implanted into nude mice (Morikawa et al., 1988b).
Also LS174T and 5583E cells, which were non-invasive in the
subcutis, displayed invasive behaviour in the wall of the
caecum. Haematogenous metastases occurred in the liver as
well as in the lungs.
The occurrence of lung metastases contrasts with the find-
ings of Morikawa et al. (1988b) and of Bresalier et al. (1987),
who did not observe lung metastases in similar studie It is
possible that in our but not in their experiments the cells
entered the lymphatic circulation from the peritoneal cavity
and then spread haematogenously to the lungs. Another
possibility is that the tumour cells bypassed the liver via
portocaval shunts.
The observation that all metastatic cell lines showed
invasive primary tumours underines the fact that invasive
ability is an essential prerequisite for the development of
metastatic lesions. Lack of metastatic capacity after ortho-
topic xenografting was not due to the inability of tumour
cells to grow at ectopic sites, because all cell lines, with the
exception of CaCo2 cells, yielded primary tumours in the
subcutis. Moreover, the non-metastatic SW 1116, SW480 and
LS174T cell lines were able to colonise the liver after intra-
splenic injection. These observations indicate firstly that
invasive capacity does not necessarily also imply metastatic
capacity and secondly that cancer cells differ in the ability to
invade and metastasise. A third conclusion is that the expres-
sion of the invasive and/or metastatic phenotype can
apparently be modulated by local tissue factors. The latter
h idnwiniin w .. ndnof whudN'ni cu nin r'NaCob
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conclusion is supported by recent studies with human KM12
colon carcinoma cells, which confirmed that the metastatic
phenotype occurred only after grafting in the caecum and not
after grafting in the subcutis (Nakajima et al., 1990; Fabra et
al., 1992).
We furthermore investigated in CaCo2, SW620, LS174T
and HT29 cells whether or not the in vivo behaviour of the
tumour cells correlated with specific in vitro characterstics.
The capacity of colorectal carcinoma cells to invade embry-
onic chick heart fragments was not predictive for invasion in
vivo. Although the non-tumorigenic CaCo2 cells were not
invasive in this assay, LS174T and HT29 cells were invasive
in vivo but not in vitro, whereas SW620 cells were invasive in
vitro but not in vivo. This discrepancy may again be explain-
ed in terms of the modulating effects of cancer cell micro-
environments on cancer cell behaviour. Apparently tissue-
specific factors in the host may either induce or inhibit the
invasive phenotype (Mareel et al., 1990).
A role for u-PA or t-PA in invasion has been postulated
because of their involvement in the breakdown of the extra-
cellular matrix, which is essential for carcinoma cells to
invade surrounding stroma (Dano et al., 1985; Havenith et
al., 1988; Reich et al., 1988; Hendrix et al., 1990; Liotta et
al., 1991; Bosman et al., 1992). Indeed, a high level of u-PA
production by SW620 cells- in stock culture was found
together with invasion into embryonic chick heart fragments.
However, neither the cellular content nor the release of u-PA
and t-PA into the medium of stock cultured cells correlated
with in vivo invasive behaviour. This was reported also for a
panel of breast carcinoma ceUl lines (Madsen and Briand,
1990). These observations certainly do not exclude a role for
u-PA or t-PA in invasion, because the enzymatic activity of
these plasninogen activators is not only determined by the
amount of enzyme available but is also subject to several
regulating iechanisms, which include specific activators,
inhibitors and receptors (de Bruin et al., 1987; Hollas et al.,
1991; Pyke et al., 1991; Sier et al., 1991).
In our experiments E-cadherin expression was observed in
vitro in all tested cell lines. However, the CaCo2, LS174T
and HT29 cell lnes demonstrated in vitro homogeneous ex-
pression of E-cadherin, whereas it was heterogenous in
SW620. Only the latter showed invasive behaviour in the
embryonic chick heart fragment assay. Thus, non-invasive
behaviour in vitro seems to be correlated with homogeneous
expression of E-cadherin in vitro. E-cadherin immunore-
activity in vivo was not observed in xenografts of SW620 and
LS174T, and was heterogenous in xenografts of HT29. This
suggests down-modulation of E-cadherin expression in vivo
(Mareel et al., 1991) and demonstrates that the microenviron-
ment in which the cells reside (medium vs tissue) modulates
E-cadherin expression. The fact that in vivo SW620 cells are
not invasive, while negative for E-cadherin, indicates that
additional factors must be involved to acquire invasive
capacity, as has been suggested before by Mareel et al.
(1992). Therefore, the relationship between E-cadherin ex-
pression and invasion in vivo is complex. This is demon-
strated by immunohistochemical studies of primary human
colon carcinomas, where E-cadherin expression correlates
strongly with the differentiation grade of the tumour but less
obviously with invasive and metastatic potential (van der
Wurff el al., 1992; Dorudi et al., 1993).
We conclude that: (1) in vivo invasive and metastatic
behaviour of colorectal carcinoma xenografts is site-
dependently modulated; (2) invasive behaviour in vitro does
not necessarily go along with invasion and metastasis in vivo;
(3) non-invasive behaviour in vitro might be associated with
homogeneous E-cadherin expression and low production of
u-PA; (4) the expression of E-cadherin in vitro compared
with the expression of E-cadherin in vivo is different. It
indicates that local tissue factors may play a role in the
induction of the expression of the genes responsible for
invasion and metastasis. These results support the hypothesis
that the microenvironment in which cancer cells grow is one
of the factors involved in the regulation of invasive and
metastatic behaviour.hI i/ and in Rw sin- d hu_an cmrta cd.,.. cob
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